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DISCHARGE CURVES 10 2-INCH RESERVOIR 
OUTLETS, GRAND COULEE DAM 

PURPOSE 

The purpose of this  r e p o r t  is to review the background for ,  
cite r e fe rences  to, and explain the methods of computation of experi-  
mental  da t a  used to  p repa re  Drawing No. 222-D-19, 622, Discharge 
Curves 102 -Inch River  Outlets, Grand Coulee Dam, which supersedes  
in pa r t  Drawing No. 222-D-1903, Area,  Capacity and Discharge Curves.  

rNTRODUCTIOnT 

Drawing No. 222-D-1903, Area, Capacity, and Discharge 
Curves, Grand Coulee Dam, F igu re  1, was approved i n  October 1937. 
This  drawing has  been the bas i s  for  r e l eases  f rom the r e s e r v o i r  for  
r i ve r  control since that time. 

In January 1957, a review of the adequacy of the r ive r  outlet 
capacity curves  was requested t o  provide the mos t  r ecen t  information 
for future flood routing p rograms  c,f the Columbia River.  The capacity 
curves  in question a r e  contained i n  Figure 1 for the lower,  intermediate,  
and upper levels  of outlets which total 60 in nnrnber, 20 a t  each level. 
An inspection of Drawing No. 222-D-1908, Figure 2, approved on the 
same  date as the capacity curves ,  indicates that  the d ischarges  were  
computed for  outlets a t  a l l  l eve ls  having a parabolic profile.  Outlets of 
this  type had been studied as e a r l y  a s  1934 for  Nor r i s  Dam of the Ten- 
nessee  Valley Authority, but no capacity curves  were  prepared  f rom the 
model study. 

Between 1937 and 1940 the possible e r r a t i c  performance and 
seve re  subatmospheric p r e s s u r e s  in  outlets of parabolic profile were  
investigated. A new design incorporating an elbow and a reducing cone 
a t  the downstream end of a horizontal conduit was proposed for  the in-  
termediate  and upper outlets. At the t ime of this  decision no modifica- 
tion of the lower outlets was  proposed because they were  to  be used 





was studied in these t e s t s ,  Accurate discharge measurements could 
not be obtained in 1949 because of the opzration of the powerplants and 
spillway . 

The recently completed review of the available information for  
the r iver  outlets did riot disclose a comparison of the discharge capacity 
of the horizontal outlet with that of the parabolic outlet, nor any revision 
of the curves in Drawing No. 222-D-1903. The review disclosed that a 
complete capacity curve based on all  available information had not been 
prepared for each of the outlets. As a resul t  the curves of Drawing No. 
222-D-19, 622 were prepared, (Figure 4). 

CAPACITY CURVES 

General 

Two sources of discharge data were utilized in the prepara-  
tion of the revised capacity curves: (1) field measurement of the dis- 
charges of the r iver  outlets at the darn in the yea r s  1939, 1940, 1941, 
and pressures  in the years  1941 and 1949; and (2)  model data. Since 
i t  was impracticable to operate any single prototype outlet alone, the 
discharge applicable to all. levels of outlets was computed by both di- 
r ec t  and indirect methods. 

Lower and Intermediate Outlets 

F i rs t ,  a rating c:urve was obtained for  one lower outlet before 
the water surface in the reservoi r  reached the intermediate outlets. 
This curve was obtained from 1939, 1940 and 1941 field measurements  
of the reservoi r  and tail-water elevations, r ive r  discharges at the gaging 
station one-half mile downstream from the dam, and the number of op- 
erating outlets. The head effective in causing flow through the outl.et 
was defined a s  the difference between the reservoi r  and tail-water eleva- - 
tions. The effective head was plotted with i t s  respective discharge for 
the lower outlet rating curve in  Figure 4. 

In the preparation of this curve, it was realized that the tail- 
water elevation measured adjacent to the spillway at the power house 
did not completely define the effective head on the lower outlets when 
the spillway o r  higher outlets were operating. The effect of this  oper-  
ation on the lower outlet capacity could not be evaluated because the 
depth immediately above the conduit exit, and thus the pressure ,  was 
unknown. In spite of this unknown effect, the head causing flow through 
the outlet has been defined in the capacity curve a s  the difference be- 
tween the rese rvo i r  elevation, and the tail-water elevation measured at 
the power house. This should be a valid representation of the discharge. 

A direct  method of computing individual discharges (total r iver  
discharge divided by the number of lower outlets operating) was pos- 
sible until the intermediate outlets were opened. These outlets can be 
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feet above the center line of the lower outlet. For  reservoi r  elevgtions 
above 1032 an indirect method was used to obtain the discharge for 
measurements made when the intermediate outlets were open. From 

the equation C = a coefficient of discharge was determined for t 

A= 
the lower outlets. In the equation, C i s  the coefficient of discharge, Q 
is the discharge in cfs measured by the r ive r  gage, A is the a r e a  of the L 

102-inch-diameter conduit in  square feet, g is gravitational acceleration, 
and H (the effective head), the difference between the reservoi r  and tail- 
water elevations hecause of the subme1.gence of the conduit exit. The 
coefficient of discharge computed from the equation was found to be 
essentially a constant value of 0. 83 for measured effective heads be- 
tween approximately 65  and 181 feet. The use of this coefficient pe r -  
mitted extx.apolation of the lower outlet rating curve for effective heads 
greater  than that corresponding to the elevation of the i 
le ts  .vhen both levels of outlets were operating. 

The intended operation of the lower outlets r 
imum head to 250 feet of water. This restr ict ion was l a t e r  relaxed 
which necessitated further extrapolation of the capacity curve. The 
equation Q = C A ~  and the coefficient of discharge of 0. 8 3  were used 
for this e-*I-apolation. 

As soon a s  the intermediate outlets became operable, the total 
release increased and the discharges of the two levels of outlets were 
separated. Knowing the effective head on the lower outlets and the num- 
ber operating, i t  was possible to obtain the discharge pe r  outlet from the 
capacity curve and thus the total discharge contributed by the lower out- 
le ts .  Subtracting this value from the measured flow in the r iver  and 
dividing by the number of intermediate outlets gave the discharge for 
one outlet at  this level. This procedure was possible because the power 
houses were not completed and there was no flow through the low bloclts 
of the dam. The rating curve fo r  an intermediate outlet (elevation 1036. 6 7 )  
has been plotted, Figure 4. The extension of the capacity curve of the 
intermediate outlets to a reservoi r  elevation greater  than the elevation 
of the upper outlets was accomplished in  a manner s imi lar  to that used 
for the lower outlets. A coefficient of discharge curve was computed 
and plotted from the known data. Since the coefficient was not a constant 
for the intermediate. outlet, but could be readily defined, values from 
the coefficient curve were used to extend the capacity curve above the 
maximum discharge available from the field tes ts .  

The effective head on the intermediate outlets was taken a s  the 
difference between the reservoi r  elevation and the center line elevation 
of the outlet for all heads submerging the inlet. This differs from the 
effective head on the lower outlets because there normally is no sub- 
mergence of the conduit exit of the intermediate outlets unless the spill- 
way and outlets above a r e  operating. 



With increasing rese rvo i r  depth, it became possible to operate 
combinations of the intermediate and upper outlets with the lower outlets 
closed. Following the procedure used for determining discharges through 
the lower and intermediate outlets, the known quantities from the capac- 
ity curve for the intermediate outlets were used to separate  the discharges 
of the intermediate and upper outlets. The discharge of the operating 
intermediate outlets was subtracted from the total r ive r  discharge (all 
through outlets) to obtain the discharge of the upper outlets. This quan- 
tity was divided by the number of open upper outlets to obtain the dis-  
charge for  one outlet. The upper outlet rating curve appears in  Figure 
4 with the reservoi r  elevation plotted with respect to discharge. 

The shape of the capacity curves for the intermediate and upper 
outlets was dictated by several  factors.  In the lower range of discharge 
the outlets operate in open channel flow. With submergence of the bell- 
mouth entrance and filling of the conduit, there is an apparent shift of 
discharge control. The control shifts from the entrance to the reducing 
cone at the exit of the elbow at the end of the conduit. Operation of the 
outlet in  this range of reservoi r  elevation produces a range of discharges 
for apparently the same effective head. The sbrupt break in the rating 
curves for the intermediate and upper outlets was drawn near  the average 
of this range of discharge. A s  the reservoi r  elevation increases,  the . 
cone at the downstream end of the outlet remains the discharge control 
and the rating curve is predictable. 

Outlzt P r e s s u r e s  

P r e s s u r e s  in the intermediate and upper outlets were measured 
during the discharge tes ts  from field installed piezometers.  These p res  - 
sures  were used to verify the outlet capacity a s  obtained from the dis- 
charge measured in the r iver .  A complete laboratory study had be n 

6 9 made of the bellmouthed entrance during the design of the outlets.- 
From these studies the relationship between coefficient of discharge 
and pressure  drop in the bellmouth had been determined. This coef- 
ficient of 0.  98 was applied to the field measured p ressure  in the equa- 
t ion Q = C A ~  a s  a second method of obtaining the outlet discharge. 
In the equation, Q is the discharge in cfs; C the coefficient of discharge, 
0. 98; A is the a r e a  of the bellmouth a t  the piezometer station in  square 
feet; and He i s  the head difference from the reservoi r  elevaticn to the 
average pressure  head measured a t  the piezometer, both refer red  to the 
outlet cerlter line. The location of the piezometers used for the p res -  
su re  measurement corresponds to the exit of the bellmouth studied in  
the laboratory. These piezometers have been desi,znated No. 11 at the 
top, bottom, left and right of the bellmouth on construction Drawing No. 

G/Report Hyd-66, Hydrzilic Model Studizs for  the Design of 
Sluice Enirances for Grand Coulee Dam--Columbia Basin Project,  L. 
Reid, 1939. 



222-D-21:32 F igure  5 .  The dimletel-  of the prototype bellmouth a t  this 
section is 8. 21.25 feet. 

Discharges  computed by this method for the upper outlets could 
be platted 011 the sarrie curve a s  that obtained from the rive;. discharge 
measurements .  F o r  the intci.mediate outlets the computecl discharges  
from the b e l l i n o ~ t h  p re s su re  agreed within 10 percent  a t  a 50-foot head 
and within 3 percent  a t  a 230-foot head. Available data were insufficient 
to determine the reason  for the close agreement  of discharges  hy the 
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two methods for the upper outlets and the diffel.ences in discharges  for  
the intermediate  outlets.  

PI -essures  l a v e r  than those for a f reely  discharging outlet were 
n~easureci  in the field stildy when e i ther  the spillway o r  the outlets i m -  
mediately above were operating. Some 01 the discharge measu remen t s  
used in determining the capacity curve for the intermediate  outlets, thus, 
may have been affected by flow over  the exit  of the conduit. 

111 addition to  the effect of f low over the exi ts ,  the prVessure  
measul-cments showed that the opelaation of adjacent outlets changed the 
p re s su re  distribution in the bellmouthed entrances  f rom that which oc- 
cu r r ed  fol- the operation of a single outlet. This,  too, m a y  have pro-  
duced a change in the discharge capacity that could not be accounted in  
the capaci.ty curves .  There  was no flow over  the spillway t o  affect the 
discharge througi~ the upper outlets during the field measurements ,  how- 
ever ,  adjacent pa i r s  were  operated.  

CONCLUSlOXS 

1. The discharge capacity curve designated 20- 102-inch- 
diameter  outlets, i i ~ ~ c ~ t  elevation 930. 89 Figure  1, should have been 
based on the effective head (difference between r e s e r v o i r  and tail-water 
elevations) instead of only the reservoir. viczter sur face  elevation because 
o i  the submerged exit and var iable  tail-water elevation. 

:?. The discharge capacity curves  of Figure 1 were  not rev ised  
to ref lect  the change of outlet design f rom a parabolic profile t o  a hor i -  
zontal  profile with elbow and reducing cone. 

3. It is believed that the curves  for the t h ~ e c  leve ls  of r i v e r  
outlets Figure  4 present  the best  ciischar-ge capacity information p r e s -  
ently available, although some uncertainty ex is t s  concerning hydraulic 
canditions in the outlets. 












